Chronic kidney disease (CKD) is a broad term used to describe progressive structural and functional kidney disorders that may be accompanied by a decrease in the glomerular filtration rate (GFR), and that have lasted for at least 3 months [1] . The diagnosis of CKD is also made if GFR values are below 60 mL/min/1.73 m 2 for a minimum of 3 months, independently of the presence of kidney damage markers [2, 3] . There are several symptoms that can indicate CKD in patients, e.g. abnormalities visible in diagnostic imaging procedures, in blood and urine tests (e.g. proteinuria, abnormal urine sediment) or blood morphology. GFR is, however, the most important factor when it comes to the physiopathology of chronic kidney disease. Nowadays, CKD is classified into five stages, according to the value of this index: stage 1 (GFR > 90 mL/ /min/1.73 m 2 ), stage 2 (60-89 mL/min/1.73 m 2 ), stage 3 (30-59 mL/min/1.73 m 2 ), stage 4 (15-29 mL/min/1.73 m 2 ) and stage 5 (GFR < 15 mL/ /min/1.73 m 2 ). Stage 3 can be further divided into 3A (45-59 mL/min/1.73 m 2 ) and 3B (30-44 mL/ /min/1.73 m 2 ). Stage 5, the most advanced and dangerous one, is also described as "end-stage renal failure" (ESRF), and constitutes an indica-REVIEWS
tion for renal replacement therapy (haemodialysis or peritoneal dialysis), or even for the transplant of the affected organ [3] .
Epidemiological data concerning the incidence of CKD indicates values that reach up to 400 cases per million annually in the United States, Taiwan and Mexico [1] . According to statistics, the percentage of patients suffering from CKD in Poland is approximately 11%. However, the interpretation of epidemiological data may pose some difficulties, as the early symptoms of CKD may not be possible to identify by the patients or be noticeable in laboratory test outcomes. At the same time, elderly people experience a physiological decline in renal functioning, which may lead to the diagnosis of CKD being made too promptly. The estimated number in CKD patients is expected to rise at the rate of 5-8% annually, which may be related to the overall age of the population being on the increase and to a significant increase in the number of type 2 diabetes patients [4, 5] .
Systemic diseases such as diabetes, hypertension, obesity and cardiovascular disorders, constitute the commonly accepted aetiological factors of chronic kidney disease. Disorders that damage the interstitial tissue of the organ with the use of non-inflammatory pathway, mostly the diabetic kidney disease (previously known as diabetic nephropathy) and hypertension nephropathy prevail in this group. It should, however, be taken into account, that the diagnosis of chronic kidney disease is often made when structural or functional disorders are observed over the course of glomerular kidney disorders, autoimmune disorders in which the secondary changes in the kidney are observed (e.g. systemic lupus erythematous), vascular inflammation, bacterial and viral infection, tubulointerstitial renal disorders (e.g. toxic influence of drugs), some genetic disorders (polycystic kidney, Alport syndrome) [6] .
The aim of the article is to provide the reader with information from literature, concerning the oral symptoms observed in patients with chronic kidney disease.
Chronic Kidney Disease and Disorders of Dental Hard Tissues
Contemporary research studies seem to indicate that there are two aspects concerning the state of dental hard tissues, in which differences between patients suffering from CKD and healthy people are observed, i.e. decreased susceptibility to caries and more frequent occurrence of hypoplastic enamel lesions [7] [8] [9] .
It was observed as early as in the 1980s that the patients suffering from CKD in its more severe stages, particularly the failure stage, in which disturbances in urea are observed, exhibit lower values of caries indices [7, 8] . More recent studies seem to confirm these observations [9, 10] . In order for a carious cavity to develop, the occurrence of several factors is necessary: low salivary pH, the presence of cariogenic bacteria and the influence of these factors during the appropriate time span. The salivary pH values in CKD was shown to be statistically significantly higher due to impairment in kidney functioning, which in turn leads to impairment in the removal of urea from blood. That is why the levels of urea are also higher in saliva. The hydrolysis of its compounds leads to the development creation of ammonia compounds, which are alkaline in nature. Moreover, Al-Nowaiser et al. [9] observed that observed cases of Streptococcus mutans bacteria are statistically significantly less frequent in children subjected to haemodialysis, due to end-stage renal disease. According to some researchers, the influence of urea as an antimicrobial agent may be responsible for this observation. What seems interesting, patients with CKD usually are on a low-protein diet, in which the majority of food consists of carbohydrate-rich foods, which usually leads to an increase in caries risk [11] .
Developmental disorders of enamel are, on the other hand, more frequently observed in these patients. The most frequently observed types are enamel hypoplasia or fluorosis, and lesions of this type are observed in patients, in whom kidney pathology developed earlier in the developmental period [12] [13] [14] . These lesions are mostly caused by impairment in the calcium-phosphorus metabolism, and are statistically significantly more frequent in pediatric patients, in whom kidney disorders have already developed during the stage of dental hard tissues mineralization. That is why the clinicians should bear in mind that the location of the lesions may indicate the exact point in time in which the disorders developed. Warady et al. [14] also observed the lesions characteristic of fluorosis in those patients, particularly in permanent dentition, and linked it with increased levels of fluoride in blood.
Chronic Kidney Disease and Periodontal Status
Chronic periodontitis constitutes one of the factors that contribute to the development of chronic kidney disease, and the relationship between those two entities is bi-directional [15] [16] [17] [18] [19] .
The epidemiological studies, whose aim was to compare CKD patients with normal controls, showed interesting differences when it comes to periodontal status. In the group of CKD patients, higher plaque and calculus accumulation, bigger amounts of such deposits, and severe course of periodontitis were observed [20] . Moreover, one should take into account hyperplastic gingival lesions that can develop due to immunosuppressive therapy after transplantation or because of the influence of calcium channel blockers used for treating nephrogenic hypertension in these patients [21] .
Increased calculus deposition is linked in literature mainly with the same factor which is attributed to decreased susceptibility to caries, i.e. increased salivary pH values caused by the presence of urea and its compounds in the saliva of these patients [22] . This leads to quicker and more pronounced mineralization of dental plaque, whose indices in these patients are also higher. These observations were confirmed in several research studies conducted at various research centers. However, Akar et al. [23] indicated that multi-center trials should be conducted in order to develop effective strategies for dealing with oral diseases and promoting oral health. Such trials should include a comparison of patients from different countries.
Increased amounts of dental plaque and, to a smaller extent, calculus, theoretically should suggest that the prevalence of gingivitis and chronic periodontitis should be higher in CKD patients than in health population. It should also be taken into account that increased levels of uremic toxemia leads to disorders in the functioning of the immune system, which may contribute to the development of chronic inflammatory process within the periodontal tissues [24] . The outcomes of measurements that evaluate bleeding, such as Gingival Index, Sulcus Bleeding Index, or Papillary Bleeding Index may not be credible in patients with CKD, as during hemodialysis they receive anticoagulant medications, mostly heparins [25] . Even though the outcomes of research studies indicate that chronic periodontitis is observed more frequently and is characterized by a severe course in CKD patients, Craig [20] indicates that, while conducting any studies in these topics, one should take the coexistence of type 2 diabetes, smoking, duration time of dialysis, as well as demographic factors into account.
Another important periodontal symptom that should be taken into account is gingival hyperplasia. Such lesions are observed in patients after a kidney transplant treated with cyclosporine A [26] . Decreased prevalence of this complication was observed after cyclosporine was replaced with tacrolimus [21] . Another cause for the development of gingival hyperplasia is the use of calcium channel blockers, such as e.g. nifedypin. Along with increased calculus deposition, the patients encounter greater difficulties with maintaining oral hygiene, which in turn leads to deterioration in oral health [21] .
That is why particular attention should be paid to the issues of oral hygiene in CKD patients. The role of the dentist is not limited to treating already existing disorders, but should also include a multifactorial education of the patient in the domain of professional and home oral hygiene maintenance methods.
Oral Mucosal Lesions
The next group of symptoms that can be observed in the course of CKD in the oral cavity are the lesions that develop within the oral mucosa. A concise summary of such lesions types was published by Proctor et al. [27] and stated that in most cases these lesions are: white and red spots, eruptions, lichen-like lesions, hairy leukoplakia, uremic stomatitis, maculae, polyps, geographical tongue, black hairy tongue, papillomas and inflammatory granuloma. Also, the patients report complaints of dry mouth, halitosis and gustatory disorders [28, 29] . The development of most inflammatory lesions, such as stomatitis or ulcerations, is attributed to the irritating influence of urea found in saliva. These patients are also more prone to the development of lesions such as petechiae, which is associated with the use of anticoagulants, as well as the effect of uraemia on platelet aggregation [30] . The lesions of hairy leukoplakia-type or lesions that manifest themselves in a way similar to Kaposi's sarcoma, can most probably result from the negative influence of urea on the functioning of the immune system, and in the patients who received the transplant -with the immunosuppression therapy used. It should also be noted that lesions that mimic hairy leukoplakia may develop in CKD patients in the absence of EBV infection and may be caused by the irritating influence of urea.
When discussing oral mucosal lesions, it should be particularly noted that they influence negatively not only the state of the oral cavity, but also on the patient's systemic health [21] . Improper oral hygiene and coexisting chronic periodontitis may lead to tooth loss, and oral mucosal lesions may make it more difficult, or even impossible, to restore dentition with the use of various prosthodontic devices. These factors, along with psychological issues, lead to a limitation in food intake and malnutrition, which, in turn leads to the de-velopment of the Protein Energy Wasting (PEW) syndrome (the state of decreased protein and nutrient reserve). In the most severe form it may result in the patient being cachexic. This seems extremely important, as PEW is an important prognostic factor used to predict the morbidity in CKD patients [31] .
Summary
Scientific literature suggests that patients suffering from chronic kidney disease may exhibit characteristic symptoms in the oral cavity. One of the most commonly discussed is their decreased susceptibility to caries, more frequent occurrence of enamel hypoplasia, higher values of calculus and plaque indices, gingival hyperplastic lesions and oral mucosal lesions. In most cases, the development of these lesions is attributed to the characteristic composition of these patients' saliva, such as its higher pH, the presence of urea and its compounds. It should also be noted that the relationship between chronic inflammatory process in the kidneys and in the oral cavity is bidirectional. Therefore, also untreated chronic periodontitis, improper oral hygiene and the lack of dental control lead to those patients exhibiting worse functioning in everyday life, e.g. due to impairment in eating, which in turn leads to a significant decrease in the patient's quality of life, systemic health and the general prognosis.
